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(57) ABSTRACT

An embodiment of a method of molding a large returnable
container includes a heat treatment step for subjecting a
thick preform formed of a polyester resin or a primary
blow-molded article to intermediate blow molding with
heating to obtain an intermediate molded article, and a final
blow molding step that includes subjecting the intermediate
molded article that has shrunk to final blow molding with
heating to obtain a large returnable container. The heat
treatment step includes disposing the preform or the primary
blow-molded article in a heat treatment mold, and pressur-
izing the preform or the primary blow-molded article so that
a shoulder and a body obtained by blow molding close
contact to a cavity surface of the heat treatment mold, and
are subjected to a heat treatment, the shoulder being heated
at a low temperature as compared with the body.

4 Claims, 10 Drawing Sheets
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LARGE RETURNABLE CONTAINER,
METHOD AND APPARATUS FOR MOLDING
THE SAME, AND BLOW MOLD WITH
SEPARATE HEATING ZONES

CROSS REFERENCE TO RELATED
APPLICATION

This application is a divisional application of U.S. patent
application Ser. No. 13/371,022, filed on Feb. 10, 2012, and
which is a continuation of International Patent Application
No. PCT/JP2010/062806, having an international filing date
of Jul. 29, 2010, which designated the United States, and
which claims priority to Japanese Patent Application No.
2009-186785, filed on Aug. 11, 2009, the entirety of each of
the above applications being incorporated herein by refer-
ence in their entirety.

BACKGROUND

The present invention relates to a large returnable (refill-
able) container, a method of molding a large returnable
container, a large returnable container molding apparatus,
and a blow mold having separate heating zones.

A large returnable container having a large capacity (e.g.,
3 or 5 gallons (about 20 liters)) is collected from the market,
refilled, and reused. A large returnable container has been
widely used as a drink container (e.g., mineral water con-
tainer). It is necessary to wash a used container with alkaline
hot water or the like at a temperature of 60 to 70° C. before
refilling the container with a drink.

A large returnable container has been produced by injec-
tion-molding a polycarbonate (PC) preform, and blow-
molding the preform (see JP-A-8-164557).

In recent years, it has been pointed out that elution of a
bisphenol A component may occur when a synthetic resin
produced using bisphenol A as a raw material (e.g., poly-
carbonate or epoxy resin) is washed with a powerful cleaner,
or comes in contact with an acid or a high-temperature
liquid. Therefore, an alternative to polycarbonate has been
desired as a material for forming a large returnable con-
tainer.

An alternative to polycarbonate has also been desired
from the viewpoint of product cost. Specifically, polycar-
bonate has high transparency, heat resistance, impact resis-
tance, and quality, but is expensive. It has been proposed to
produce a large returnable container using an inexpensive
polyester resin such as polyethylene terephthalate (PET)
instead of polycarbonate (PC) (see JP-A-11-34152).

A blow molding method that provides heat resistance to a
small or medium-sized container having a capacity of sev-
eral liters or less (e.g., 500 cc to 2 liters) has been known.
Specifically, a primary blow-molded article obtained by
subjecting a preform to primary blow molding, or a second-
ary blow-molded article obtained by subjecting the primary
blow-molded article to secondary blow molding, is sub-
jected to a heat treatment, and the resulting intermediate
molded article that has been thermally shrunk is subjected to
final blow molding to obtain a heat-resistant container (see
JP-A-10-286874, JP-B-3777204, JP-A-2006-117289). The
degree of crystallinity can be improved and a strain that has
occurred during stretch orientation by subjecting the stretch-
orientated container to a heat treatment is removed, so that
the heat resistance of the container is improved.

SUMMARY

According to one aspect of the invention, there is pro-
vided a method of molding a large returnable container
comprising:

40
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a heat treatment step that includes subjecting a preform
that has a thick wall and formed of a polyester resin, or a
primary blow-molded article obtained by subjecting the
preform to primary blow molding, to intermediate blow
molding with heating to obtain an intermediate molded
article from which a strain that has occurred during blow
molding has been removed; and

a final blow molding step that includes subjecting the
intermediate molded article that has shrunk to final blow
molding with heating to obtain the large returnable con-
tainer,

the heat treatment step including disposing the preform or
the primary blow-molded article in a heat treatment mold,
and pressurizing the preform or the primary blow-molded
article by introducing high-pressure air into the preform or
the primary blow-molded article so that a shoulder and a
body that have been formed by blow molding close contact
to a cavity surface of the heat treatment mold, and are
subjected to a heat treatment, the shoulder being heated at a
low temperature as compared with the body.

According to another aspect of the invention, there is
provided a method of molding a large returnable container
comprising:

a heat treatment step that includes subjecting a primary
blow-molded article obtained by subjecting a preform to
primary blow molding to secondary blow molding with
heating to obtain an intermediate molded article, the preform
having a thick wall and formed of a polyester resin, the
primary blow-molded article having been stretch-oriented
and including a shoulder and a body, and a strain that has
occurred during the primary blow molding having been
removed from the intermediate molded article; and

a final blow molding step that includes subjecting the
intermediate molded article that has shrunk to final blow
molding with heating to obtain the large returnable con-
tainer,

the heat treatment step including disposing the shoulder
and the body of the primary blow-molded article in a heat
treatment mold, and pressurizing the primary blow-molded
article by introducing high-pressure air into the primary
blow-molded article so that the primary blow-molded article
close contacts to a cavity surface of the heat treatment mold,
and is subjected to a heat treatment, the cavity surface
having a shape substantially identical with those of the
shoulder and the body of the primary blow-molded article,
and the shoulder of the primary blow-molded article being
heated at a low temperature as compared with the body of
the primary blow-molded article.

According to another aspect of the invention, there is
provided a large returnable container formed of a polyester
resin comprising:

a neck that is formed when injection-molding a preform
that has a thick wall;

a shoulder that is larger in diameter than the neck;

a body that follows the shoulder; and

a bottom that closes one end of the body,

at least the shoulder and the body being formed by
blow-molding the preform in a blow mold so that the
preform is stretch-oriented, a shoulder zone of the blow
mold being heated at a low temperature as compared with a
body zone of the blow mold, the shoulder zone and the body
zone being insulated by slits that become exposed on a
cavity surface of the blow mold, a strain that has occurred
due to stretch orientation having been removed from the
shoulder and the body, and
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lines that are discontinuously formed along a circumfer-
ential direction being formed in the large returnable con-
tainer due to the slit.

According to another aspect of the invention, there is
provided a large returnable container molding apparatus
comprising:

a heat treatment section that subjects a primary blow-
molded article obtained by subjecting a preform having a
thick wall to primary blow molding to secondary blow
molding with heating to obtain an intermediate molded
article, the preform formed of a polyester resin and including
aneck, the primary blow-molded article having been stretch-
oriented and including a shoulder and a body, and a strain
that has occurred during the primary blow molding having
been removed from the intermediate molded article; and

a final blow molding section that subjects the intermediate
molded article that has shrunk to final blow molding with
heating to obtain the large returnable container, a strain that
has occurred during the final blow molding having been
removed from the large returnable container,

the heat treatment section including a heat treatment mold
that includes a pair of split molds, and has a cavity surface
having a shape substantially identical with those of the
shoulder and the body of the primary blow-molded article,
and a blow air-introducing member that is disposed in the
neck of the primary blow-molded article, and pressurizes the
primary blow-molded article by introducing high-pressure
air into the primary blow-molded article,

each of the pair of split molds included in the heat
treatment mold including an insulation section that insulates
and separates heating zones that respectively correspond to
the shoulder and the body of the intermediate molded article
that has been subjected to the secondary blow molding, and
heating the shoulder of the intermediate molded article at a
low temperature as compared with the body of the interme-
diate molded article.

According to another aspect of the invention, there is
provided a blow mold comprising:

a pair of split molds that respectively includes a cavity
surface, and a parting surface that is continuous with the
cavity surface, the parting surfaces coming in contact with
each other when the pair of split molds is clamped,

each of the pair of split molds including:

a slit that becomes exposed on the cavity surface so as not
to reach the parting surface;

a first temperature control section that is disposed in one
of zones divided by the slit; and

a second temperature control section that is disposed in
the other of the zones divided by the slit, and is adjusted to
a temperature differing from that of the first temperature
control section.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic view illustrating a molded article
obtained by the main steps according to one embodiment of
the invention.

FIG. 2 is schematic plan view showing a molding appa-
ratus according to one embodiment of the invention.

FIG. 3 is a schematic cross-sectional view showing a
primary blow molding section.

FIG. 4 is a schematic cross-sectional view showing a heat
treatment section.

FIG. 5 is a plan view showing a pair of secondary blow
split molds.

FIG. 6 is a cross-sectional view taken along the line VI-VI
in FIG. 4.
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FIG. 7 is a schematic cross-sectional view showing a
modification in which a molded article is transferred in an
inverted state.

FIG. 8 is a schematic cross-sectional view showing the
clamping movement of a secondary bottom mold.

FIG. 9 is a schematic cross-sectional view showing a final
blow molding section.

FIG. 10 is a plan view showing a pair of final blow split
molds.

FIG. 11 is a schematic view showing a longitudinal hole
and a transversal hole (heating medium passages) formed in
a pair of final blow split molds.

FIG. 12 is a schematic cross-sectional view showing a
primary blow molding section having a heat-setting function
according to another embodiment of the invention.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

When blow-molding a large returnable container using a
polycarbonate (PC) resin, the resulting container exhibits
heat resistance due to the heat resistance of the PC resin.
However, when molding a large returnable container using
a polyester resin (e.g., polyethylene terephthalate (PET)) as
an alternative to polycarbonate (PC), the resulting container
exhibits inferior heat resistance. A large container that is
molded using the method disclosed in JP-A-11-34152 may
exhibit transparency, but may not exhibit heat resistance
required for the container to endure the washing tempera-
ture.

A preform for forming a large container has a thickness
(e.g., the thickness of the body is 8 to 10 mm in JP-A-11-
34152) equal to or larger than twice that of a preform for
forming a small or medium-sized container. When using the
method of molding a heat-resistant container disclosed in
JP-A-10-286874, JP-B-3777204, JP-A-2006-117289, whit-
ening due to spherulitic crystallization may occur in an area
having a relatively large thickness (particularly the shoulder)
when the blow-molded article is slowly cooled after heating.
When stress whitening has occurred in the body due to a
high stretch ratio, the strain can be removed by heating.
However, whitening due to spherulitic crystallization caused
by a large thickness cannot be eliminated by heating (i.e.,
transparency deteriorates). The top load resistance deterio-
rates when reducing the thickness of the shoulder.

As described above, transparency necessarily deteriorates
when providing heat resistance to a large returnable con-
tainer formed of a PET resin. On the other hand, heat
resistance necessarily deteriorates when providing transpar-
ency to a large returnable container formed of a PET resin.

Several aspects of the invention may provide a large
returnable container that exhibits heat resistance and trans-
parency in a well-balanced manner, and exhibits high top
load resistance by eliminating the above drawbacks while
utilizing the advantages of an area that has a large thickness
even after blow molding, a method of molding a large
returnable container, a large returnable container molding
apparatus, and a blow mold having separate heating zones.

According to one embodiment of the invention, there is
provided a method of molding a large returnable container
comprising:

a heat treatment step that includes subjecting a preform
that has a thick wall and formed of a polyester resin, or a
primary blow-molded article obtained by subjecting the
preform to primary blow molding, to intermediate blow
molding with heating to obtain an intermediate molded
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article from which a strain that has occurred during blow
molding has been removed; and

a final blow molding step that includes subjecting the
intermediate molded article that has shrunk to final blow
molding with heating to obtain the large returnable con-
tainer,

the heat treatment step including disposing the preform or
the primary blow-molded article in a heat treatment mold,
and pressurizing the preform or the primary blow-molded
article by introducing high-pressure air into the preform or
the primary blow-molded article so that a shoulder and a
body that have been formed by blow molding close contact
to a cavity surface of the heat treatment mold, and are
subjected to a heat treatment, the shoulder being heated at a
low temperature as compared with the body.

According to one embodiment of the invention, a poly-
ester resin such as polyethylene terephthalate is used as the
molding material instead of polycarbonate that contains
bisphenol A. A thick preform for forming a large returnable
container is used instead of a thin preform for forming a
small or medium-sized container (e.g., about 500 cc to 2
liters).

The large returnable container is molded from the thick
preform by performing at least two blow molding steps (i.e.,
intermediate blow molding step and final blow molding
step) and two heat treatment steps (i.e., the heat treatment
step in the intermediate blow molding step and the heat
treatment step in the final blow molding step). When sub-
jecting the thick preform to primary blow molding, the body
of the preform is stretched at a high stretch ratio due to a
long distance to the cavity surface of the primary blow mold,
while the shoulder of the preform is stretched at a small
stretch ratio and has a thickness larger than that of the body
due to a short distance to the cavity surface of the primary
blow mold. The first heat treatment step is performed using
the heated primary blow mold (intermediate blow mold) as
the heat treatment mold, or performed on the primary
blow-molded article removed from the primary blow mold
using the secondary blow mold (intermediate blow mold)
that differs from the primary blow mold as the heat treatment
mold.

The preform or the primary blow-molded article is sub-
jected to intermediate blow molding in the heat treatment
mold (i.e., primary blow molding of the preform or second-
ary blow molding of the primary blow-molded article, so
that the shoulder and the body obtained by blow molding
close contact to the cavity surface of the heat treatment
mold, and are subjected to the heat treatment to obtain an
intermediate molded article. A strain that has occurred
during stretching at a high stretch ratio is removed from the
body due to the heat treatment. The shoulder that is thick and
has been stretched at a small stretch ratio is heated at a low
temperature as compared with the body, so that a strain that
has occurred during stretching at a small stretch ratio is
removed. Since the heating temperature is low, whitening
due to spherulitic crystallization is reduced or prevented.
Since the shoulder is thick, a large returnable container that
exhibits high top load resistance can be obtained.

According to another embodiment of the invention, there
is provided a method of molding a large returnable container
comprising:

a heat treatment step that includes subjecting a primary
blow-molded article obtained by subjecting a preform to
primary blow molding to secondary blow molding with
heating to obtain an intermediate molded article, the preform
having a thick wall and formed of a polyester resin, the
primary blow-molded article having been stretch-oriented
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and including a shoulder and a body, and a strain that has
occurred during the primary blow molding having been
removed from the intermediate molded article; and

a final blow molding step that includes subjecting the
intermediate molded article that has shrunk to final blow
molding with heating to obtain the large returnable con-
tainer,

the heat treatment step including disposing the shoulder
and the body of the primary blow-molded article in a heat
treatment mold, and pressurizing the primary blow-molded
article by introducing high-pressure air into the primary
blow-molded article so that the primary blow-molded article
close contacts to a cavity surface of the heat treatment mold,
and is subjected to a heat treatment, the cavity surface
having a shape substantially identical with those of the
shoulder and the body of the primary blow-molded article,
and the shoulder of the primary blow-molded article being
heated at a low temperature as compared with the body of
the primary blow-molded article.

According to the above embodiment of the invention, the
large returnable container is molded by performing three
blow molding steps (i.e., primary blow molding step, sec-
ondary blow molding step, final blow molding step) and two
heat treatment steps (i.e., the heat treatment step in the
secondary blow molding step and the heat treatment step in
the final blow molding step). According to the above
embodiment of the invention, the following advantages are
obtained by separating the primary blow molding step and
the first heat treatment step, while achieving the advantages
obtained by one embodiment of the invention. Specifically,
since the preform is heated to an optimum blow temperature,
and subjected to primary blow molding to obtain the primary
blow-molded article, the shoulder and the body of the
primary blow-molded article move on the cavity surface
after coming in contact with the cavity surface when sub-
jecting the primary blow-molded article to the heat treatment
in the primary blow mold. On the other hand, it is unnec-
essary to heat the primary blow mold when separately
providing the primary blow mold and the heat treatment
mold, so that the shape stability of the primary blow-molded
article is improved. The shape stability of the final blow-
molded article is also improved by processing the primary
blow-molded article using the heat treatment mold and the
final blow mold. Moreover, the body is stretched to have a
small thickness when subjecting the preform to primary
blow molding without heating as compared with the case of
subjecting the preform to primary blow molding with heat-
ing, so that the transparency and the heat resistance of the
body are improved.

In the method, the heat treatment step may include
separating heating zones that respectively correspond to the
shoulder and the body of the primary blow-molded article
using an insulation section that insulates the heating zones.
This makes it possible to easily control the heating tempera-
ture corresponding to each heating zone (i.e., shoulder zone
and body zone), and heat the shoulder at an appropriate
temperature, so that whitening due to spherulitic crystalli-
zation can be reduced or prevented.

In the method, the heat treatment step may include
insulating and separating the heating zones using an air
insulation layer. Since the air insulation layer can be formed
by providing a space between the shoulder heating zone and
the body heating zone, the insulation section can be easily
formed.

In the method, the heat treatment mold may include a pair
of split molds, each of the pair of split molds including a
parting surface that is continuous with the cavity surface, the
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parting surfaces of the pair of split molds coming in contact
with each other, and each of the pair of split molds may
include a slit that becomes exposed on the cavity surface of
the heat treatment mold so as not to reach the parting
surface, and

the heating zones may be separated by the air insulation
layer formed by the slit.

The heating contact surfaces with the shoulder and the
body of the primary blow-molded article can be insulated by
forming the slit to reach the cavity surface, so that the
insulation effect is improved. Since the slit does reach the
parting surface, each of the pair of split molds is not
completely separated by the slit in the longitudinal direction.
This makes it possible to easily handle the pair of split
molds.

The method may further comprise:

a first air discharge step that includes discharging air from
the intermediate molded article after the heat treatment step;
and

a second air discharge step that includes discharging air
from the large returnable container after the final blow
molding step,

an air discharge speed in the first air discharge step may
be higher than an air discharge speed in the second air
discharge step.

This makes it possible to allow the intermediate molded
article to thermally shrink freely to have a size smaller than
that of the final blow-molded article. This prevents a situ-
ation in which the intermediate molded article is clamped by
the final blow mold. According to the above embodiment of
the invention, since the bottom of the primary blow-molded
article has been cooled and solidified, deformation (e.g.,
turnover) of the bottom of the intermediate molded article
does not occur when the bottom shrinks even if air is
discharged at a high speed.

In the method,

the heat treatment mold may further include a bottom
mold that comes in contact with a bottom of the primary
blow-molded article, the bottom of the primary blow-
molded article being raised and closing one end of the body
of the primary blow-molded article, and

the heat treatment step may include clamping the bottom
mold before clamping the pair of split molds, and centering
the primary blow-molded article using the bottom mold.

Since the bottom of the primary blow-molded article has
been cooled and solidified, the primary blow-molded article
can be centered and positioned before the pair of split molds
is clamped, by causing the bottom mold to come in contact
with the raised bottom of the primary blow-molded article.

According to another embodiment of the invention, there
is provided a large returnable container formed of a poly-
ester resin comprising:

a neck that is formed when injection-molding a preform
that has a thick wall;

a shoulder that is larger in diameter than the neck;

a body that follows the shoulder; and

a bottom that closes one end of the body,

at least the shoulder and the body being formed by
blow-molding the preform in a blow mold so that the
preform is stretch-oriented, a shoulder zone of the blow
mold being heated at a low temperature as compared with a
body zone of the blow mold, the shoulder zone and the body
zone being insulated by slits that become exposed on a
cavity surface of the blow mold, a strain that has occurred
due to stretch orientation having been removed from the
shoulder and the body, and

20

25

30

35

40

45

55

8

lines that are discontinuously formed along a circumfer-
ential direction being formed in the large returnable con-
tainer due to the slits.

Since the large returnable container according to the
above embodiment of the invention is formed of a polyester,
elution of bisphenol A does not occur. Since a strain that has
occurred during stretch orientation has been removed, the
large returnable container exhibits heat resistance. Since the
shoulder has been heated at a low temperature, whitening
due to spherulitic crystallization has been reduced or pre-
vented. Moreover, since the discontinuous line is formed in
the circumferential direction due to the insulation slit, the
large returnable container can be discriminated from another
large returnable container.

According to another embodiment of the invention, there
is provided a large returnable container molding apparatus
comprising:

a heat treatment section that subjects a primary blow-
molded article obtained by subjecting a preform having a
thick wall to primary blow molding to secondary blow
molding with heating to obtain an intermediate molded
article, the preform formed of a polyester resin and including
aneck, the primary blow-molded article having been stretch-
oriented and including a shoulder and a body, and a strain
that has occurred during the primary blow molding having
been removed from the intermediate molded article; and

a final blow molding section that subjects the intermediate
molded article that has shrunk to final blow molding with
heating to obtain the large returnable container, a strain that
has occurred during the final blow molding having been
removed from the large returnable container,

the heat treatment section including a heat treatment mold
that includes a pair of split molds, and has a cavity surface
having a shape substantially identical with those of the
shoulder and the body of the primary blow-molded article,
and a blow air-introducing member that is disposed in the
neck of the primary blow-molded article, and pressurizes the
primary blow-molded article by introducing high-pressure
air into the primary blow-molded article,

each of the pair of split molds included in the heat
treatment mold including an insulation section that insulates
and separates heating zones that respectively correspond to
the shoulder and the body of the intermediate molded article
that has been subjected to the secondary blow molding, and
heating the shoulder of the intermediate molded article at a
low temperature as compared with the body of the interme-
diate molded article.

A large returnable container molding apparatus according
to the above embodiment of the invention includes the heat
treatment section and the final blow molding section. The
heat treatment section includes the heat treatment mold that
includes the pair of split molds, and the blow air-introducing
member, and the pair of split molds includes the insulation
section. Therefore, the method of molding a large returnable
container according to the above embodiment of the inven-
tion may suitably be implemented by the large returnable
container molding apparatus. Moreover, since injection
molding of the preform and blow molding of the primary
blow-molded article can be implemented using an existing
injection stretch blow molding apparatus, it suffices to add
only the molding apparatus according to the above embodi-
ment of the invention that includes the heat treatment section
and the final blow molding section in order to mold a large
returnable container.

The large returnable container molding apparatus may
further comprise:
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a transfer member that includes the blow air-introducing
member, and transfers the primary blow-molded article in an
inverted state in which the neck is positioned at a lower end;
and

a seal piston that is provided in the heat treatment section,
and is driven to come in contact with or be removed from the
transfer member, the seal piston sealing the transfer member
when the seal piston has come in contact with the transfer
member so that the high-pressure air is supplied to the blow
air-introducing member, and canceling a seal when the seal
piston has been removed from the transfer member so that
air is discharged from the intermediate molded article.

According to this feature, since a seal of the neck can be
canceled by moving the seal piston in a state in which the
blow air-introducing member is inserted into the neck, air
can be discharged from the intermediate molded article at a
high speed. This makes it possible to allow the intermediate
molded article to thermally shrink freely to have a size
smaller than that of the final blow-molded article. This
prevents a situation in which the intermediate molded article
is clamped by the final blow mold.

According to another embodiment of the invention, there
is provided a blow mold comprising:

a pair of split molds that respectively includes a cavity
surface, and a parting surface that is continuous with the
cavity surface, the parting surfaces coming in contact with
each other when the pair of split molds is clamped,

each of the pair of split molds including:

a slit that becomes exposed on the cavity surface so as not
to reach the parting surface;

a first temperature control section that is disposed in one
of zones divided by the slit; and

a second temperature control section that is disposed in
the other of the zones divided by the slit, and is adjusted to
a temperature differing from that of the first temperature
control section.

According to the above embodiment of the invention,
since the pair of split molds includes the slit and the first and
second temperature control sections that are insulated by air
(slit) and achieve a different temperature, it is possible to
provide a blow mold that may be suitable for the method of
molding a large returnable container according to the above
embodiment of the invention, or the large returnable con-
tainer molding apparatus according to the above embodi-
ment of the invention.

In the large returnable container molding apparatus,

each of the pair of split molds may include a hole into
which a wire for forming the slit by a wire cutting operation
is inserted, and the slit may communicate with the hole.

This makes it possible to form the slit by performing a
wire cutting operation on the pair of split molds while
moving a wire inserted into the hole when producing the pair
of split molds.

Preferred embodiments of the invention are described in
detail below. Note that the following embodiments do not in
any way limit the scope of the invention defined by the
claims laid out herein. Note also that all of the elements of
the following embodiments should not necessarily be taken
as essential elements of the invention.

1. Outline of Blow Molding Method that Ensures
Heat Resistance

FIG. 1 shows a preform 10, a primary blow-molded
article 20, an intermediate molded article 30, and a final
blow-molded article 40 obtained by the main steps of a
method of producing a large returnable container according
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10
to several embodiments of the invention. The molded
articles 10, 20, 30, and 40 include a neck 12, and differ in the
shape of the section under the neck 12.

The preform 10 is injection-molded using a polyester
resin (e.g., PET resin). The preform 10 includes the neck 12
that is open, a tubular body 14 that follows the neck 12, and
a bottom 16 that closes one end of the body 14. A PET
copolymer having a low crystallization speed (<9921~
manufactured by Kodak (copolymer with cyclo-
hexanemethanol)) may be used as the PET resin. Note that
another polyester resin may also be used.

The neck 12 of the preform 10 has an inner diameter of
40 to 60 mm, and the body 14 of the preform 10 has a
thickness of 6 to 9 mm (preferably 8 mm or less) (i.e., the
preform 10 is thick), for example. The thickness of the body
of a preform used to produce a small or medium-sized
container can be normally reduced to 4 mm or less by
increasing the longitudinal length. However, a large amount
(600 to 750 g) of resin is required to produce the preform 10
that is used to produce a large container in order to provide
the container with a large capacity and sufficient top load
resistance. Therefore, the body 14 of the preform 10 has a
thickness equal to or larger than twice the thickness of the
body of a preform used to produce a small or medium-sized
container even if the length of the preform is maximized
(e.g., about 400 to 500 mm) so that the longitudinal stretch
ratio is close to 1. If the thickness of the body of the preform
10 exceeds 9 mm, spherulitic crystallization (whitening)
may occur during blow molding even if the above resin
material (copolymer) is used.

The primary blow-molded article 20 that is obtained by
subjecting the body 14 and the bottom 16 of the preform 10
to primary blow molding includes the neck 12 that is formed
by injection molding, a shoulder 22 that follows the neck 12,
a body 24 that follows the shoulder 22, and a bottom 26 that
closes one end of the body 24. The bottom 26 includes a
raised bottom 27 that is positioned at the center, and a
bearing (heel) section 28 that is positioned around the raised
bottom 27. The primary blow-molded article 20 is molded so
that the body 24 has a diameter and a length larger than those
of the final blow-molded article 40.

The intermediate molded article 30 is obtained by sub-
jecting the primary blow-molded article 20 to secondary
blow molding (intermediate blow molding) in a heated
secondary blow mold (also referred to as “intermediate blow
mold”; the secondary blow mold has the same dimensions as
those of a primary blow mold, for example), and discharging
air from the heat-set secondary blow-molded article so that
the secondary blow-molded article is thermally shrunk (first
embodiment). Alternatively, the intermediate molded article
30 is obtained by heat-setting the primary blow-molded
article obtained by primary blow molding (intermediate
blow molding) in a heated primary blow mold (also referred
to as “intermediate blow mold”), and discharging air from
the primary blow-molded article so that the primary blow-
molded article is thermally shrunk (second embodiment).

The intermediate molded article 30 includes the neck 12
that is formed by injection molding, a shoulder 32 that
follows the neck 12, a body 34 that follows the shoulder 22,
and a bottom 36 that closes one end of the body 34. The
bottom 36 includes a raised bottom 37 that is positioned at
the center, and a bearing section 38 that is positioned around
the raised bottom 37. Since the intermediate molded article
30 is obtained by thermally shrinking the primary blow-
molded article 20 (or the secondary blow-molded article),
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the body 34 of the intermediate molded article 30 has a
diameter and a length smaller than those of the final blow-
molded article 40.

The intermediate molded article 30 has a high degree of
crystallinity and a strain or a residual stress that has occurred
due to stretch orientation during primary blow molding has
been removed by the heat treatment (heat setting). Since the
intermediate molded article 30 has been thermally shrunk
after the heat treatment, the final blow-molded article 40
thermally shrinks to only a small extent, even if the final
blow-molded article 40 is subsequently heated at a tempera-
ture equal to or lower than the heat treatment temperature.
The high-temperature shape stability of the final blow-
molded article 40 is improved by subjecting the intermediate
molded article 30 to the heat treatment.

The final blow-molded article 40 (i.e., large returnable
container) is obtained by subjecting the intermediate molded
article 30 to final blow molding in a heated final blow mold.
The final blow-molded article 40 includes the neck 12 that
is formed by injection molding, a shoulder 42 that follows
the neck 12, a body 44 that follows the shoulder 42, and a
bottom 46 that closes one end of the body 44. The bottom 46
includes a raised bottom 47 that is positioned at the center,
and a bearing section 48 that is positioned around the raised
bottom 47.

The body 44 of the final blow-molded article 40 has an
outer diameter of 260 to 280 mm, and the neck 12 of the final
blow-molded article 40 has an inner diameter of 40 to 50
mm (i.e., the final blow-molded article 40 is classified as a
narrow-neck container). The body 44 of the final blow-
molded article 40 has an outer diameter larger than that of
the body 14 of the preform 10 by a factor of 4.5 to 6 in the
circumferential direction. The thickness of the body 44 is 0.6
to 1 mm. The final blow-molded article 40 exhibits top load
resistance as a result of setting the thickness of the shoulder
42 to be larger than that of the body 44.

The body 34 and the bottom 36 of the intermediate
molded article 30 have an outer diameter and a length
smaller to some extent than those of the body 44 and the
bottom 46 of the final blow-molded article 40. This makes
it possible to prevent a situation in which the intermediate
molded article 30 is clamped between a pair of split molds
of the final blow mold, and ensure that stretching occurs to
only a small extent during final blow molding. Therefore,
only a small amount of strain or residual stress occurs during
final blow molding. Moreover, since the intermediate
molded article 30 is heat-set in the heated final blow mold,
the strain can be completely removed. This makes it possible
to improve the thermal stability of the final blow-molded
article 40.

Note that lines 23 that are discontinuously formed along
the circumferential direction are formed on the primary
blow-molded article 20, the intermediate molded article 30,
and the final blow-molded article 40 due to an insulation slit
(described below) formed in the primary blow mold. When
using the molding method according to the first embodi-
ment, the line 23 is not formed in the primary blow-molded
article 20 subjected to primary blow molding, but is formed
on the primary blow-molded article 20 subjected to second-
ary blow molding in the secondary blow mold having the
same dimensions as those of the primary blow mold.

2. First Embodiment

The first embodiment in which the final blow-molded
article 40 is obtained by subjecting the injection-molded
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preform 10 to three blow molding steps and two heat
treatment steps is described below.

The preform 10 and the primary blow-molded article 20
shown in FIG. 1 may be molded using the injection stretch
blow molding apparatus shown in FIG. 2 of JP-A-11-34152,
for example. As shown in FIG. 2, an injection stretch blow
molding apparatus 50 includes an injection molding section
52 to which an injection apparatus 51 is connected, a
temperature control section 53, a primary blow molding
section 54 (100), and a removal section 55. The preform 10
that has been injection-molded using the injection stretch
blow molding apparatus 50, or the primary blow-molded
article 20 that has been subjected to primary blow molding
using the injection stretch blow molding apparatus 50, is
rotated (transferred) by 90° using a rotary table (not shown)
in a state in which the neck is held by a neck mold.

Note that the temperature control preliminary blow mold-
ing step performed by the injection stretch blow molding
apparatus shown in FIG. 2 of JP-A-11-34152 may also be
performed. Specifically, the injection-molded preform 10 is
disposed in a temperature control pot, and a temperature
control blow core mold is inserted into the neck 12 of the
preform 10 (see FIG. 3 of JP-A-11-34152). The preform 10
is subjected to preliminary blow molding by applying a blow
pressure so that the preform 10 comes in contact with the
inner surface of the temperature control pot, and heated to an
optimum blow temperature. The outer diameter of the pre-
form 10 increases (e.g., maximum diameter of body: about
90 mm) due to preliminary blow molding, so that the
thickness of the preform 10 decreases. This makes it pos-
sible to improve the temperature control efficiency, and the
stretch (draw) ratio can be reduced when subjecting the
preform 10 to primary blow molding to obtain the primary
blow-molded article 20. Therefore, primary blow molding
can be implemented at a low temperature without causing
stress whitening.

The primary blow-molded article 20 removed from the
injection stretch blow molding apparatus 50 is supplied
in-line or off-line to a large returnable container molding
apparatus 60. The large returnable container molding appa-
ratus 60 includes a heat treatment section 200 and a final
blow molding section 300. The large returnable container
molding apparatus 60 need not necessarily be connected
in-line to the injection stretch blow molding apparatus 50.
The primary blow-molded article 20 that has been suffi-
ciently cooled to room temperature may be supplied to the
large returnable container molding apparatus 60 (i.e., off-
line connection). In this case, the molding operation of the
large returnable container molding apparatus 60 is not
restricted by the molding cycle (injection molding cycle that
takes time) of the injection stretch blow molding apparatus
50, so that the throughput is improved.

The details of the primary blow molding section 100
included in the injection stretch blow molding apparatus 50,
and the heat treatment section 200 and the final blow
molding section 300 included in the large returnable con-
tainer molding apparatus 60, are described below. Note that
the following description is given taking an example in
which the primary blow molding section 100, the heat
treatment section 200, and the final blow molding section
300 perform the blow molding operation in a state in which
the neck 12 is positioned at the upper end (i.e., upright state)
for convenience of illustration. When providing the large
returnable container molding apparatus 60 separately from
the injection stretch blow molding apparatus 50, the large
returnable container molding apparatus 60 can perform the
blow molding operation in a state in which the neck 12 is



US 9,475,243 B2

13

positioned at the lower end (i.e., inverted state). Since the
large returnable container molding apparatus 60 does not
include an injection molding section, the molded article can
be transferred in an inverted state. The mechanism is sim-
plified since a neck mold that can be opened and closed is
not used (described below).

2.1. Primary Blow Molding Section

FIG. 3 is a schematic cross-sectional view showing the
primary blow molding section 100. The preform 10 that has
been injection-molded by the injection molding section 52 is
transferred to the primary blow molding section 100 through
the temperature control section 53 in a state in which the
neck 12 is held by a neck mold 102 that includes a pair of
split molds. The primary blow molding section 100 includes
a pair of primary blow split molds 104 that is clamped to the
neck mold 102. The pair of primary blow split molds 104 has
a cavity surface 104A that defines the external shape of the
body 22 of the primary blow-molded article 20. In the first
embodiment, the pair of primary blow split molds 104 is not
provided with a heating mechanism. The primary blow
molding section 100 may include a primary bottom mold
106 that can be moved up and down, and is clamped to the
pair of primary blow split molds 104. The primary bottom
mold 106 has a cavity surface 106A that defines the bottom
26 of the primary blow-molded article 20. Note that the
primary bottom mold 106 may be omitted when the pair of
primary blow split molds 104 includes a bottom mold.

The primary blow molding section 100 includes a primary
blow core mold 108 that can be moved up and down, and is
inserted into the neck 12 of the preform 10. The primary
blow core mold 108 introduces high-pressure air into the
preform 10. Air can be discharged from the primary blow-
molded article 20 by withdrawing (raising) the primary blow
core mold 108 through the neck 12 after primary blow
molding. A primary stretching (drawing) rod 110 that is
inserted into the primary blow core mold 108 and disposed
in the preform 10 is provided so that the primary stretching
rod 110 can be moved up and down. As shown in FIG. 3, the
longitudinal stretch ratio of the preform 10 along the lon-
gitudinal centerline of the preform 10 is about 1. The
primary stretching rod 110 that has the longitudinal stretch-
ing function can center the preform 10 during primary blow
molding by positioning the preform 10 between the primary
bottom mold 106 and the primary stretching rod 110.

The injection-molded preform 10 is transferred to the
primary blow molding section 100 after being heated to an
optimum blow temperature. Note that primary blow molding
may be implemented by a hot parison method (one-stage
method) that utilizes the preform 10 that retains heat applied
during injection molding, or may be implemented by a cold
parison method (two-stage method) that heats the preform
10 that has returned to room temperature after injection
molding to an optimum blow temperature.

2.2. Heat Treatment Section (Secondary Blow
Molding Section)

The heat treatment section 200 subjects the primary
blow-molded article 20 to secondary blow molding in a
heated secondary blow mold, and thermally shrinks the
primary blow-molded article 20 to obtain the intermediate
molded article 30. As shown in FIG. 4, the heat treatment
section 200 includes a neck mold 202, a pair of secondary
blow split molds 204, a secondary bottom mold 206, a
secondary blow core mold (blow air-introducing member)
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208, and a secondary stretching rod 210 that form a sec-
ondary blow molding section and have the same functions as
those of the respective members included in the primary
blow molding section 100. A cavity surface 204A of the pair
of'secondary blow split molds 204 and a cavity surface 206 A
of the secondary bottom mold 206 included in the heat
treatment section 200 have substantially the same dimen-
sions as those of the cavity surface 104A of the pair of
primary blow split molds 104 and the cavity surface 106 A
of the primary bottom mold 106 included in the primary
blow molding section 100. Specifically, since the heat treat-
ment section 200 is provided to remove a strain that has
occurred in the primary blow-molded article, it is preferable
not to cause the primary blow-molded article 20 to undergo
stretch orientation during secondary blow molding. Since
the primary blow-molded article 20 is stretched to only a
small extent during secondary blow molding, the blow
capability is not affected even if the primary blow-molded
article 20 that has been removed from the injection stretch
blow molding apparatus 50 shown in FIG. 2 and is supplied
in-line or off-line has a temperature almost equal to room
temperature.

As shown in FIG. 8, the secondary bottom mold 206 is
clamped before clamping the pair of secondary blow split
molds 204. Since the bottom 26 of the primary blow-molded
article 20 has been cooled (is hard), the raised bottom 26 of
the primary blow-molded article 20 is centered by clamping
the secondary bottom mold 206.

High-pressure air is introduced into the primary blow-
molded article 20 centered by the secondary bottom mold
206 through the secondary blow core mold 208, and the
secondary stretching rod 210 is driven in the longitudinal
direction. This causes the shoulder 22, the body 24, and the
bottom 26 of the primary blow-molded article 20 to close
contact to the cavity surfaces 204A and 206A.

The heat treatment section 200 differs from the primary
blow molding section 100 in that the pair of secondary blow
split molds 204 includes a heating section. Since the heat
treatment section 200 is provided to remove a strain that has
occurred in the primary blow-molded article 20 during
primary blow molding through the heat treatment, the heat
treatment section 200 includes the heating section.

The pair of secondary blow split molds 204 (blow mold
in a broad sense) includes a zone heating section that heats
the shoulder 22 and the body 24 of the primary blow-molded
article 20 at a different temperature.

As shown in FIGS. 4 and 5, six longitudinal holes 212 for
disposing a rod-like heater are formed through each of the
pair of secondary blow split molds 204 around the cavity
surface 204 A at almost equal intervals in the circumferential
direction (i.e., twelve longitudinal holes 212 are formed in
total) in order to heat the body of the primary blow-molded
article 20. A heating section such as a rod-like heater (not
shown) is disposed in each longitudinal hole 212. The
rod-like heater (not shown) has an effective heater length
over the entire length of the body 24 of the primary
blow-molded article 20. A bottomed longitudinal hole 214
for disposing a thermocouple is formed near each longitu-
dinal hole 212. The heating temperature of the body 24 can
be controlled by disposing a thermometric element such as
a thermocouple 216 (see FIG. 4) in each longitudinal hole
214, and feeding back the measured temperature. A first
temperature control section is formed by the longitudinal
holes 212 and 214, the heating section, and the thermometric
element.

As shown in FIGS. 4 and 6, a heating medium passage
218 (i.e., heating section) is formed in each of the pair of
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secondary blow split molds 204 to surround the shoulder 22
at a height corresponding to the shoulder 22 of the primary
blow-molded article 20 in order to heat the shoulder 22 of
the primary blow-molded article 20. The shoulder 22 of the
primary blow-molded article 20 is heated by passing a
heating medium through each heating medium passage 218.
The heating temperature of the shoulder 22 can be controlled
by providing a thermometric element (not shown) that
measures the mold temperature set using the heating
medium that flows through each heating medium passage
218, and feeding back the measured temperature. A second
temperature control section is formed by the heating section
218 and the thermometric element.

The shoulder 22 and the body 24 of the primary blow-
molded article 20 can be heated at a different temperature by
separately heating the shoulder 22 and the body 24 using the
first temperature control section and the second temperature
control section.

In the first embodiment, the shoulder 22 is heated at a low
temperature as compared with the body 24. This is because
the shoulder 22 and the body 24 of the primary blow-molded
article 20 differ in thickness. The body 24 of the primary
blow-molded article 20 has been stretched at a high stretch
ratio, and is sufficiently thinner than the shoulder 22. As
shown in FIG. 4, the distance from the sidewall of the
preform 10 to the cavity surface 104A is short (i.e., the
transversal stretch ratio is small) in the shoulder 22 of the
primary blow-molded article 20 as compared with the body
24 of the primary blow-molded article 20. Therefore, the
shoulder 22 of the primary blow-molded article 20 forms a
thickness transition section that is thick on the side of the
neck 12 and decreases in thickness as the distance from the
body 24 decreases (see FIG. 4).

The shoulder 22 that has a relatively large thickness has
a heat capacity higher than that of the body 24. Therefore,
when the shoulder 22 has come in contact with the cavity
surface 204A due to the blow pressure, and has been heated,
the shoulder 22 easily maintains its temperature.

After the primary blow-molded article 20 has come in
contact with the cavity surface 204A due to high-pressure
air, and has been heated for a given time (e.g., 8 to 16
seconds), the air pressure is canceled, and the secondary
blow core mold 208 is moved upward, and removed through
the neck 12 of the primary blow-molded article 20. There-
fore, air is discharged from the primary blow-molded article
20 at a burst. As a result, the primary blow-molded article 20
can thermally shrink freely, and the intermediate molded
article 30 is formed via longitudinal and transversal thermal
shrinkage. Note that the shrinkage rate is about 10 to 30%
in terms of capacity, and is about 5 to 15% in terms of total
height.

Since the shoulder 32 of the intermediate molded article
30 is thicker than the body 34, the shoulder 32 is not cooled
promptly due to a high heat capacity. Therefore, the shoulder
32 having a large thickness is slowly cooled, and is easily
whitened due to spherulitic crystallization.

Whitening due to crystallization can be reduced or pre-
vented by reducing the heating temperature of the shoulder
32 as compared with the heating temperature of the body 34.
In the first embodiment, the heating temperature of the body
24 of the primary blow-molded article 20 is set to 140 to
180° C., and the heating temperature of the shoulder 22 is set
to 100 to 120° C. so that the intermediate molded article 30
has transparency.

It is preferable to insulate the shoulder zone and the body
zone of the pair of secondary blow split molds 204 in order
to set the shoulder zone and the body zone at a different
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heating temperature. In the first embodiment, a transversal
hole 220 is formed in the shoulder zone of each of the pair
of secondary blow split molds 204. A slit 222 (insulation
section in a broad sense) (see FIG. 4) is formed by inserting
a wire (not shown) into the transversal hole 220, and
performing a wire cutting operation while horizontally mov-
ing the wire toward the cavity surface 204A. As shown in
FIG. 8, the slit 222 becomes exposed on the cavity surface
204A of each of the pair of secondary blow split molds 204
s0 as not to reach a parting surface 204B. If the slit 222 is
formed to reach the parting surface 204B, the pair of
secondary blow split molds 204 is divided in the longitudi-
nal direction.

Since the slit 222 forms an air insulation layer in a space
having a given width (e.g., 0.3 mm), the shoulder zone and
the body zone can be insulated by air. This makes it possible
to easily maintain the shoulder zone and the body zone at a
different heating temperature.

Since the volume of the shoulder zone of the pair of
secondary blow split molds 204 separated by the slit 222 is
small, a bolt hole 224 (see FIG. 4) is formed in the shoulder
zone in order to prevent movement within the range of the
slit 222. The shoulder zone can be secured using a bolt that
is screwed into the bolt hole 224.

When causing the primary blow-molded article 20 to
close contact to the cavity surface 204A of the pair of
secondary blow split molds 204 (in which the slit 222 is
formed) by applying a blow pressure, the lines 23 that are
discontinuously formed along the circumferential direction
are formed in the primary blow-molded article 20 due to
each slit 22. Each line 23 forms an arc at an angle of less than
180° when viewed from above (i.e., from the side of the neck
12 of the primary blow-molded article 20). Each line 23 also
remains in the intermediate molded article 30 and the final
blow-molded article 40. Note that each line 23 may be made
difficult to observe by providing crimp processing (e.g.,
minute elevation/depression pattern) or the like in the area of
the final blow-molded article 40 in which the line 23 is
formed during final blow molding.

It was found that the air discharge speed is important in
order to form the intermediate molded article 30 by allowing
the primary blow-molded article 20 to thermally shrink
freely. Experiments conducted by the inventors of the inven-
tion revealed that the peripheral length of the body of the
intermediate molded article 30 decreases by 20 to 30 mm,
and the total height of the intermediate molded article 30
decreases by 2 to 5 mm when setting the air discharge time
to 5 seconds (i.e., increasing the air discharge speed) as
compared with the case where the air discharge time is set
to 10 seconds. In the first embodiment, the intermediate
molded article 30 must have a size smaller than that of the
final blow-molded article 40, otherwise the intermediate
molded article 30 is clamped by the final blow mold.

In the first embodiment, the air discharge time (i.e., the air
discharge time in a first air discharge step) of the heat
treatment section 200 is set to as short as 5 to 7 seconds (e.g.,
6 seconds) (i.e., the air discharge speed is increased). The air
discharge time (i.e., the air discharge time in a second air
discharge step) of the primary blow molding section 100 and
the final blow molding section 300 is set to 20 to 25 seconds.
Specifically, the air discharge speed of the heat treatment
section 200 is 3 to 5 times the air discharge speed of the
primary blow molding section 100 and the final blow
molding section 300. This makes it possible to shrink the
intermediate molded article 30 to have a size smaller than
that of the final blow-molded article 40. Since the primary
blow-molded article 20 is not heated by the primary blow
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molding section 100, and the bottom 26 of the primary
blow-molded article 20 is not heated by the heat treatment
section 200, the bottom 26 has been cooled and solidified.
Therefore, deformation (e.g., turnover) of the bottom 26
does not occur when the bottom 26 is separated from the
secondary bottom mold 206 and shrinks, even if air is
discharged at a high speed.

The primary blow molding section 200 and the final blow
molding section 300 can transfer the molded article in an
inverted state (i.e., the neck 12 is positioned at the lower
end), differing from FIGS. 3 and 9. In this case, the primary
blow-molded article 20, the intermediate molded article 30,
or the final blow-molded article 40 is placed on a transfer
member 62 in an inverted state in the primary blow molding
section 100 and the final blow molding section 300, as
shown in FIG. 7.

The transfer member 62 includes a cam follower 68 that
is secured on a transfer chain 64, and moves along a rail 66
in order to transfer the molded article in the large returnable
container molding apparatus 60 shown in FIG. 2. The
transfer member 62 includes a hollow transfer pin 70 (blow
air-introducing member) that is inserted into the neck of
each molded article (20, 30, or 40). A seal piston 72 for
supplying blow air to the transfer pin 70 during primary
blow molding or final blow molding is provided below the
transfer member 62. The seal piston 72 moves upward
toward the transfer member 62, and seals the transfer
member 62. Note that the primary blow molding section 100
and the final blow molding section 300 include a cooled
neck guide member 74 that positions the neck 12.

When using the inverted transfer method, the seal piston
72 that can be moved up and down is provided instead of
providing the primary blow core mold 108 that is inserted
into and removed from the neck 12 (see FIG. 3). Since a seal
can be canceled by lowering only the seal piston 72 while
maintaining a state in which the transfer pin 70 is inserted
into the neck 12, the air discharge speed can be increased as
compared with the case of withdrawing (removing) the
primary blow core mold 108 through the neck 12. Note that
a stretching rod (omitted in FIG. 7) may be disposed through
the transfer member 62 and the seal piston 72.

2.3. Final Blow Molding Section

The final blow molding section 300 shown in FIG. 9
subjects the intermediate molded article 30 to final blow
molding using a final blow mold to obtain the final blow-
molded article 40. The final blow molding section 300
includes a pair of final blow split molds 304, a final bottom
mold 306, a final blow core mold 308, and a final stretching
rod 310 that have the same functions as those of the
respective members included in the primary blow molding
section 100. A cavity surface 304 A of each of the pair of final
blow split molds 304 and a cavity surface 306 A of the final
bottom mold 306 included in the final blow molding section
300 have a shape identical with the shape of the outer wall
of the body 44 and the bottom 46 of the final blow-molded
article 40. Note that the cavity surface 304 A of each of the
pair of final blow split molds 304 is slightly larger than the
external shape of the intermediate molded article 30, and the
cavity surface 306 A of the final bottom mold 306 has a shape
identical with that of the cavity surface 106 A of the primary
bottom mold 106 and the cavity surface 206A of the sec-
ondary bottom mold 206. This is because it suffices that the
final blow molding section 300 merely mold the intermedi-
ate molded article 30 from which the strain has been
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removed and which has been shrunk into the final blow-
molded article 40 at a minimum stretch ratio.

The final blow molding section 300 is configured so that
high-pressure air is introduced into the intermediate molded
article 30 that is centered by the final stretching rod 310 and
the final bottom mold 306 through the final blow core mold
308 (or the seal piston 72 shown in FIG. 6 when using the
inverted transfer method). This causes the shoulder 32, the
body 34, and the bottom 36 of the intermediate molded
article 30 to close contact to the cavity surfaces 304A and
306A, and be shaped corresponding to the final blow-
molded article 40. The final blow molding time (e.g., about
15 to 30 seconds) is longer than the blow molding time
employed in the heat treatment section 200. The final blow
molding pressure may be the same as the secondary blow
molding pressure, or may be higher than the secondary blow
molding pressure in order to sufficiently shape the interme-
diate molded article 30.

Since the intermediate molded article 30 is maintained at
a relatively high temperature, and the stretch ratio required
for final shaping is small, it is considered that a strain occurs
in the final blow-molded article 40 to only a small extent
during final blow molding. However, since a strain may also
occur in the final blow-molded article 40 due to stretching
during final blow molding, a heating section is also provided
in the final blow molding section 300.

As shown in FIGS. 9 to 11, four longitudinal holes 312 are
formed through each of the pair of final blow split molds 304
included in the final blow molding section 300 at equal
intervals in the circumferential direction (eight longitudinal
holes 312 are formed in total). As shown in FIG. 11, each of
the pair of final blow split molds 304 is configured so that
each pair of longitudinal holes 312 is closed at one end (e.g.,
upper end), and connected through a bottomed transversal
hole 314. For example, a heating medium is supplied
through the lower end of the leftmost longitudinal hole 312
in FIG. 11, and flows into the adjacent longitudinal hole 312
through the transversal hole 314. The lower end of the
longitudinal hole 312 into which the heating medium has
flowed is connected to another adjacent longitudinal hole
312 via a mold attachment plate (not shown). Specifically,
each of the pair of final blow split molds 304 is configured
so that the four longitudinal holes 312 and the two trans-
versal holes 314 communicate to form a heating medium
passage. The pair of final blow split molds 304 can be heated
by circulating the heating medium through the heating
medium passage.

As shown in FIGS. 9 and 10, a bottomed longitudinal hole
316 (eight longitudinal holes 316 in total) for disposing a
thermocouple is formed near each longitudinal hole 312.
The heating temperature of the body 44 of the final blow-
molded article 40 can be controlled by disposing a thermo-
metric element such as a thermocouple 318 (see FIG. 9) in
each longitudinal hole 316, and feeding back the measured
temperature.

Since the pair of final blow split molds 304 is not used to
remove a strain due to over-stretching (over-drawing), the
heating temperature may be lower than the heating tempera-
ture employed in the heat treatment section 200. For
example, the heating temperature may be set to 80 to 110°
C. It suffices that the heating temperature be higher than the
washing temperature (e.g., 60 to 70° C.) of the final blow-
molded article (large returnable container) 40, and may be
100° C. or less.

When discharging air from the final blow-molded article
40, removing the final blow-molded article 40, and allowing
the final blow-molded article 40 to stand for 40 hours, the
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final blow-molded article 40 did not show a change in total
height and volume (capacity). The air discharge speed of the
final blow molding section 300 may be sufficiently lower
than that of the heat treatment section 200. When transfer-
ring the primary blow-molded article 20 to the heat treat-
ment section 200 in an inverted state, the intermediate
molded article 30 is also transferred to the final blow
molding section 300 in an inverted state. In this case, the
transfer mechanism shown in FIG. 7 is used for the final
blow molding section 300. Note that the seal cancelation
operation of the seal piston 72 is performed at a low speed.

3. Second Embodiment

In the second embodiment, a primary blow molding
section (heat treatment section) 100A shown in FIG. 12 is
provided instead of the primary blow molding section 100
shown in FIG. 3 and the heat treatment section 200 shown
in FIG. 4. The primary blow molding section (heat treatment
section) 100A shown in FIG. 12 includes elements 212 to
224 for the heating section shown in FIGS. 4 to 6 in addition
to the elements of the primary blow molding section 100
shown in FIG. 3.

Specifically, the primary blow molding section 100A
blow-molds the preform 10 to form the primary blow-
molded article 20 while heat-setting the shoulder 22 and the
body 24 of the primary blow-molded article 20 through a
cavity surface 102A. In this case, the shoulder zone and the
body zone are insulated by air in the same manner as in the
heat treatment section 200 according to the first embodi-
ment, and the shoulder is heated at a low heating tempera-
ture as compared with the body.

According to this configuration, the body that has been
stretched at a high stretch ratio is simultaneously heat-set at
a high temperature, so that the strain that has occurred
during primary blow molding is removed. Moreover, a strain
can be removed from the thick shoulder that has been
stretched at a relatively small stretch ratio by heating the
shoulder at a low temperature, and whitening due to spheru-
litic crystallization can be prevented.

The intermediate molded article 30 having a size smaller
than that of the final blow-molded article 40 is formed by
discharging air from the primary blow-molded article using
the primary blow molding section (heat treatment section)
100A shown in FIG. 12. The bottom 26 of the primary
blow-molded article 20 is hot immediately after primary
blow molding. It is preferable to discharge air from the
primary blow-molded article 20 at a high air discharge speed
so that a turnover of the bottom 26 does not occur. The
intermediate molded article 30 is subjected to final blow
molding using the final blow molding section 300 shown in
FIG. 9 to obtain the final blow-molded article 40. The final
blow-molded article 40 obtained according to the second
embodiment also exhibits heat resistance and transparency
in a well-balanced manner.

The second embodiment may be implemented by supply-
ing a preform to a blow molding apparatus that includes the
primary blow molding section 100A and the final blow
molding section 300 from an existing preform injection
molding apparatus. Alternatively, the second embodiment
may be implemented using an injection stretch blow mold-
ing apparatus that includes the preform injection molding
section 52, the temperature control section 53, the primary
blow molding section 100A, and the final blow molding
section 300 on the machine bed.

The second embodiment differs from the first embodiment
in that the primary blow molding step and the heat treatment
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step are performed using a single mold. Therefore, the
temperature of the resin that forms the primary blow-molded
article 20 is higher than that of the first embodiment due to
the residual heat of the preform 10. Accordingly, a container
that differs from that obtained according to the first embodi-
ment as to the thickness adjustment, molding stability, and
the like can be molded.

According to the second embodiment, the shoulder 22 and
the bottom 26 of the primary blow-molded article 20 are
easily stretched due to retaining high heat as compared with
secondary blow molding according to the first embodiment.
Since the shoulder 22 and the bottom 26 of the primary
blow-molded article 20 are easily stretched, the body 24 is
not stretched excessively. Therefore, the thickness of the
primary blow-molded article 20 during the heat treatment
according to the second embodiment differs from the thick-
ness of the secondary blow-molded article 30 during the heat
treatment according to the first embodiment, so that heat
resistance and transparency are different between the first
and second embodiments.

Since the primary blow-molded article 20 according to the
second embodiment possesses still high heat when the resin
has come in contact with the cavity surface 106 A, the resin
easily moves on the cavity surface. Therefore, the first
embodiment ensures that the primary blow-molded article
exhibits more excellent molding stability as compared with
the second embodiment.

Since the second embodiment utilizes two blow molds
(i.e., the primary blow mold and the final blow mold that
serve as the heat treatment mold) (i.e., the number of blow
molds can be reduced by one as compared with the first
embodiment), the size of the apparatus can be reduced.

The user can selectively use the first embodiment or the
second embodiment depending on whether the user regard
heat resistance or transparency as important, and whether or
not the user allows an increase in the size of the apparatus.

Although only some embodiments of the invention have
been described in detail above, those skilled in the art would
readily appreciate that many modifications are possible in
the embodiments without materially departing from the
novel teachings and advantages of the invention. Accord-
ingly, such modifications are intended to be included within
the scope of the invention. Any term cited with a different
term having a broader meaning or the same meaning at least
once in the specification and the drawings can be replaced by
the different term in any place in the specification and the
drawings.

In the above embodiments, a heating section is not
provided in the secondary bottom mold 206 shown in FIG.
4 and the primary bottom mold 106 shown in FIG. 12. Since
the bottom 26 of the primary blow-molded article 20 also
has a large thickness, the bottom 26 may be heated at a low
temperature as compared with the body 24 in the same
manner as the shoulder 26. This makes it possible to reduce
or prevent whitening of the bottom 36 of the intermediate
molded article 30 due to spherulitic crystallization.

The heating section provided in the heat treatment sec-
tions 100A and 200 and the final blow molding section 300
may be implemented by various means that can heat the
molded article in the blow mold instead of the rod-like
heater and the heating medium passage.

Although only some embodiments of the invention have
been described in detail above, those skilled in the art would
readily appreciate that many modifications are possible in
the embodiments without materially departing from the
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novel teachings and advantages of the invention. Accord-
ingly, such modifications are intended to be included within
the scope of the invention.

What is claimed is:
1. A large returnable container molding apparatus com-
prising:

a heat treatment section that subjects a primary blow-
molded article obtained by subjecting a preform having
a thick wall to primary blow molding to secondary
blow molding with heating to obtain an intermediate
molded article, the preform being formed of a polyester
resin and including a neck, the primary blow-molded
article having been stretch-oriented and including a
shoulder and a body, and a strain that has occurred
during the primary blow molding having been removed
from the intermediate molded article; and

a final blow molding section that subjects the intermediate
molded article that has shrunk to final blow molding
with heating to obtain the large returnable container, a
strain that has occurred during the final blow molding
having been removed from the large returnable con-
tainer,

the heat treatment section including a heat treatment mold
that includes a pair of split molds and a blow air-
introducing member that is disposed in the neck of the
primary blow-molded article, and pressurizes the pri-
mary blow-molded article by introducing high-pressure
air into the primary blow-molded article,

each of the pair of split molds included in the heat
treatment mold including a cavity surface, a parting
surface that is continuous with the cavity surface, and
an insulation section that insulates and separates heat-
ing zones that respectively correspond to the shoulder
and the body of the intermediate molded article that has
been subjected to the secondary blow molding, and
heating the shoulder of the intermediate molded article
at a low temperature as compared with the body of the
intermediate molded article,

the cavity surface of the pair of split molds having a shape
substantially identical with those of the shoulder and
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the body of the primary blow-molded article, and
coming in contact with each other when the pair of split
molds is clamped,

the insulation section having a slit that becomes exposed
on the cavity surface.

2. The large returnable container molding apparatus

according to claim 1, further comprising:

a transfer member that includes the blow air-introducing
member, and transfers the primary blow-molded article
in an inverted state in which the neck is positioned at
a lower end; and

a seal piston that is provided in the heat treatment section,
and is driven to come in contact with or be removed
from the transfer member, the seal piston sealing the
transfer member when the seal piston has come in
contact with the transfer member so that the high-
pressure air is supplied to the blow air-introducing
member, and canceling a seal when the seal piston has
been removed from the transfer member so that air is
discharged from the intermediate molded article.

3. A blow mold comprising:

a pair of split molds that respectively includes a cavity
surface, and a parting surface that is continuous with
the cavity surface, the parting surfaces coming in
contact with each other when the pair of split molds is
clamped,

each of the pair of split molds including:

a slit that becomes exposed on the cavity surface so as not
to reach the parting surface;

a first temperature control section that is disposed in one
of zones divided by the slit; and

a second temperature control section that is disposed in
the other of the zones divided by the slit, and is adjusted
to a temperature differing from that of the first tem-
perature control section.

4. The blow mold according to claim 3,

wherein each of the pair of split molds includes a hole into
which a wire for forming the slit by a wire cutting
operation is inserted, the slit being in communication
with the hole.



